Abstract -This paper presents the experimental test results of the independent vector control characteristics of two three-phase permanent magnet synchronous motors (PMSMs) fed by a five-leg inverter (FLI). Recently, the use of PMSM is more and more spreading in industrial field. It has the features of saving-weight and high-efficiency compared with DC motor and induction motor (IM). The maximum feature of the PMSMs is the realization of high performance position control. The independent position control validates for the factory automation (FA) apparatus as machine tool. If the independent position control of two motors with the FLI may be realized, the belt conveyer used at the FA apparatus as machine tool will become possible not only one dimension but also two dimensions with single inverter. In this paper, experimental results are verified for the independent position control of two PMSMs fed by the FLI with the vector control.
Introduction
Recently, a Five-Leg Inverter (FLI) to drive two threephase permanent magnet synchronous motors (PMSMs) independently has been studied for aiming saving space and reduction of inverter losses [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The use of PMSM is spreading in industrial field. It has the features of savingweight, high-efficiency compared with DC motor and induction motor (IM). To drive two PMSMs independently, the system connected one PMSM to one three-phase voltage source inverter (3-VSI) is generally used and is required two 3-VSIs as shown by Fig.2 . Therefore, 12 and 10 switching devices are necessary in the 3-VSIs and FLI, respectively. For the reduction of 2 switches, the FLI will be expected for saving space and reduction of inverter losses. Normal pulse width modulation (PWM) techniques to output voltages for the motor in the 3-VSI cannot be employed for the FLI with independent drive. Many PWM techniques applying the FLI have been suggested [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . In [3] , [5] [6] [7] [8] [9] [10] , the simple and novel PWM technique of the FLI is suggested, and it has an advantage that switching signals generation is very simple. Sinusoidal PWM, which can realize by only a standard digital signal processor (DSP) and a counter, is applicable in the strategy. Applying the PWM strategy, the independent drive of two PMSMs is possible. The independent driving characteristics of two PMSMs fed by the FLI has been shown by only simulation results [6] .This paper presents the experimental test results of the independent driving characteristics of two PMSMs fed by the FLI with the modulation technique in [3] , [5] [6] [7] [8] [9] [10] . The FLI can realize not only independent speed control [1 0] but also position control. The independent position control validates for the factory automation (FA) apparatus as machine tool. Fig. 2 shows the general system connected one PMSM to one 3-VSI to drive two PMSMs independently. Therefore, 12 and 10 switching devices are necessary in the 3-VSIs and FLI, respectively. For the reduction of 2 switches, the FLI will be expected for saving space and reduction of inverter losses.
PWM Technique of Two PMSMs

Switching Restriction of Five-Leg Inverter
Equation (1) defines a switching function. The FLI is fed by voltage source and connects inductive loads (For example, RL loads, AC motors and so on). For this reason, the leg should not make the short circuit to prevent overvoltage and not make the open circuit to path load currents. In other words, the switches of one leg must not be simultaneously closed or open. Switching constraints discussed above can be expressed by (2) Switching Function (1) Switching Restriction j1 j2
Two-Arm Modulation Technique
The sinusoidal PWM is modulation technique to output voltages corresponding to the frequency and amplitude commands for each PMSM. In this paper, the PWM technique is used in [3] , [5] [6] [7] [8] [9] [10] (4) . As the results, the independent drive of two PMSMs fed by the FLI is possible with this PWM technique. Fig. 3 shows the block diagram to realize the PWM strategy. The above equation expresses the reference signals to compare with the carrier signal in two-arm modulation technique [5] . The fifth equation in (3) means that inverter W phase voltage is basis voltage. Then, the phase difference between e * Usi and e * Vsi will be 60 degrees. Finally, the principle of the two-arm modulation technique is equivalent to the Vconnection in transformer.
Experimental Results
The circuit consists of five Insulated Gate Bipolar Transistor (IGBT) modules (2-packs) as the switching devices. Table. 1 shows the ratings and parameters of both motors, and the ratings and parameters of both motors are identical. Two PMSMs are driven by a vector control. The DC-bus voltage E is 300 V and carrier signal frequency is 10 kHz. Fig. 3 shows the independent vector control system in the FLI. The independent vector control of two AC motors is realized to use another vector controller for each motor. The controller is implemented on Digital Signal Processor (DSP) and user has to make a program to implement the DSP. The vector controller generates the k phase voltage command corresponding to the position command for each motor. To generate v * kNi , i Ui and i Vi with detected by current sensors, rotor position with detected by a rotary encoder with setting to motor and actual rotor speed ω ri calculated by θ ri are necessary. ω ri can be calculated by the following equation. (5) Where, ω ri (k), θ ri (k) and expresses rotor position and speed in k sample respectively. T S shows the control period of the speed control system. Fig. 8 is the rotor position of PMSM1 and 2 respectively on condition that both PMSMs are with no load operation (Condition of load 1). Fig. 9 is the rotor position of PMSM1 and 2 respectively. In this case, PMSM1 and 2 operate with 50% load and no load respectively (Condition of load 2). Fig. 10 is the rotor position of PMSM1 and PMSM2 respectively. In this case, PMSM1 and PMSM2 operate with 50% and 100% respectively (Condition of load 3). As can be seen from Figs. 8 to Fig. 10 , the independent rotor position control can be realized with the FLI. ( ) ( ) ( ) 
Conclusion
This paper presents the experimental test results of the independent drive characteristics of two permanent magnet synchronous motors fed by the five-leg inverter with the vector control. The two switching devices can be decreased in the five-leg inverter compared with the general twomotor independent drives system. Nevertheless, the five-leg inverter can also drive two permanent magnet synchronous motors independently, and not only the independent speed but also the independent position control are possible as to the permanent magnet synchronous motor drive with the five-leg inverter.
